The present invention relates to forming 
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»c wireless networks, more 



particularly to ad hoc networks formed according to the Bluetooth specification, and 
connecting a unit to an already existing ad hoc network. 



and voice based on a low-cost short-range radio link. It can be built into a 9x9 mm 
microchip, what facilitates ad hoc connections for both stationary and mobile 
communication environments. Information in this application is in part based on the 
Bluetooth specification, "Specification of the Bluetooth System", July 26th 1999, the 

10 entirety of which is hereby incorporated by reference. 

The original intention in making the specification of Bluetooth was to eliminate 
cables between telephones, PC-cards (Personal Computer cards), wireless headsets, etc, 
but today the Bluetooth specification is used for establishing true ad hoc wireless 
networks intended for both synchronous traffic, e.g. voice, and asynchronous traffic, e.g. 

15 data traffic based on the IP (the Internet Protocol). Now the intention of the Bluetooth 
specification comprises that any commodity device such as telephones, personal digital 
assistants (PDAs), laptop computers, digital cameras, video monitors, printers, fax 
machines, etc. should be capable of communicating over a radio interface, i.e. any of 
these devices could contain a radio chip made according to the Bluetooth specification 

20 and having the software specified therefor. 

In addition to merely replacing the cables between various devices, the use of the 
Bluetooth specification in various device provides a bridge to existing data networks and 
their peripheral devices, and a mechanism to form small private ad hoc groupings for 
connected devices away from fixed network structures or connected to a fixed network 

25 structure via a gateway. According to the Bluetooth specification the wireless 
communication uses a fast acknowledgement and frequency hopping scheme to make the 
radio links between devices adapted to communicate according to the Bluetooth 
specification robust. The devices avoid interference with one another by hopping to a new 
frequency or channel after transmitting or receiving a packet. Compared to other systems 

30 operating in the same frequency band, in the wireless commimication according to the 
Bluetooth specification tj^ically frequency hops are made faster and shorter packets are 
used. The radio band used by devices adapted to communicate according to the Bluetooth 
specification is the unlicensed 2.4 GHz Industrial-Scientific-Medical (ISM) band with a 
chaimel spacing of 1 MHz. 

35 A device adapted to communicate according to the Bluetooth specification includes a 
radio unit, a link control xmit and a support imit for link management and host terminal 
interface function. According to the specification a point-to-point connection can be 
provided in the case, where only two units adapted to communicate according to the 
Bluetooth specification are involved, or a point-to-multipoint connection in the case of 

40 more than two units. For a point-to-multipoint connection, the radio band is shared by 
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Bluetooth (BT) is a relatively new specification for wireless communication of data 



several units adapted to communicate according to the Bluetooth specification. Two or 
more units adapted to communicate according to the Bluetooth' specification form a small 
network called a piconet, see Figs, la - Ic, Within a piconet, a unit adapted to 
communicate according to the Bluetooth specification can have either of two roles: it can 
be a master or a slave. Within each piconet there may be only one master and one slave, 
see Fig. la, or more than one up to seven active slaves, see Fig. lb. Any unit adapted to 
commimicate according to the Bluetooth specification can become a master in a piconet. 

Furthermore, two or more piconets can be interconnected, forming a composite 
network called a scattemet, see Fig. Ic, The connection point between two piconets 
consists of a unit C adapted to communicate according to the Bluetooth specification that 
is a member of both piconets. A unit adapted to communicate according to the Bluetooth 
specification can simultaneously be a slave member of multiple piconets, but only a 
master in one piconet, and thus a unit adapted to communicate according to the Bluetooth 
specification and acting as a master in one piconet can participate in other piconets only 
as a slave. A unit adapted to communicate according to the Bluetooth specification can 
only transmit and receive data in one piconet at a time, and therefore participation iu 
multiple piconets is made on a time division multiplex basis. 

The Bluetooth specification provides full-duplex transmission built on slotted Time 
Division Duplex (TDD), where each slot is 0.625 ms long. The time slots are numbered 
sequentially using a large number range, which is cyclic with a cycle length of 227. 
Master-to-slave transmission always starts in an even-numbered time slot while 
slave-to-master transmission always starts in an odd-numbered time slot. The combination 
of an even-numbered time slot and its subsequent odd-nimabered time slot is called a 
frame, the frame thus including a master-to-slave time slot and a slave-to-master time 
slot, except in the case where multi-slot packets are used and longer frames are used. 
There is no direct transmission between slaves, neither within a piconet or between two 
different piconets. 

The communication within a piconet is organised such that the master polls each 
slave according to some polling schedule. With one exception, a slave is only allowed to 
transmit after having been polled by the master. The slave will then start its transmission 
in the slave-to-master time slot immediately following the packet received from the 
master. The master may or may not include data in the packet used to poll a slave. The 
only exception to the above principle is that when a slave is connected by an established 
Synchronous Connection Oriented (SCO) link it is always allowed to transmit in the 
pre-allocated slave-to-master time slot, even if not explicitly polled by the master in the 
preceding master-to-slave time slot. 

Each unit adapted to coiEununicate according to the Bluetooth specification has a 
globally unique 48-bit IEEE 802 address. This address, called the Bluetooth unit Address 
(BD_ADDR), is assigned at the time when the unit is manufactured and it is never 
changed. In addition thereto the master of a piconet assigns a local Active Member 
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Address (AM_ADDR) to each active slave member of the piconet. The AM_ADDR, 
which is only three bits long, is dynamically assigned and de-assigned and is imique only 
within a single piconet. The master uses the AM_ADDR when poUuig a slave in a 
piconet. However, when the slave, triggered by a packet from the master addressed using 
5 the AM_ADDR of the slave, transmits a packet to the master, it includes its own 
AM__ADDR and not the AM_ADDR of the master in the packet header since an 
AM_ADDR of the master does not exist. Thus, the master of a piconet never assigns an 
AM ADDR to itself. 

Although all data are transmitted in packets, the packets can carry both synchronous 
10 data, on the mentioned Synchronous Connection Oriented links, mainly intended for voice 
traffic, and asynchronous data, on Asynchronous ConnectionLess (ACL) links. An SCO 
link is a symmetric point-to-point link between the master and a specific slave. The SCO 
link reserves slots and can therefore be considered as a circuit-switched connection 
between the master and the slave. An ACL link is a point-to-multipoint link between the 
^fli5 master and all the slaves participating in the piconet. Slots may be reserved for SCO 

2'\ links, as indicated above, and in slots not reserved for such links the master can establish 

I y 

an ACL link on a per slot basis to any slave. The ACL link provides a packet-switched 
j3 connection between the master and all active slaves participating in the piconet. 
J=2 Depending on the type of packet used, an acknowledgement and retransmission 

£^20 scheme is used to ensure reliable transfer of data, such a scheme not being used for 
y packets on SCO links transferring synchronous data. Forward error correction (FEC) in 
ry the form of channel coding is also used which limits the impact of random noise on 
W long-distance links. 

^ The standard format of a packet used for transmission according to the Bluetooth 

25 Specification is illustrated in Fig. 2, this format not being used for some types of control 
packets. A standard packet has a field for an access code having the length of 72 bits and 
a header field of a length of 54 bits. There is a field for the payload which has a length 
that can range from zero to a maximum of 2745 bits. The AM_ADDR is located in the 
packet header followed by some control parameters, e.g. a bit indicating 
30 acknowledgement or retransmission request of the previous packet, when applicable, and 
a header error check (HEC) . 

The access code used in a packet can be one of three different types: Channel 
Access Code (CAC), Device Access Code (DAC), and Inquiry Access Code (lAC): 

- The Channel Access Code identifies a channel that is used in a certain piconet, i.e. 
35 essentially the CAJ2 identifies the piconet. All packets exchanged within a piconet carry 

the same the CAC. The CAC is derived firom the BD_ADDR of the master xmit of the 
piconet. 

- The Device Access Code is derived from a BD_ADDR of a particular unit adapted to 
communicate according to the Bluetooth specification. It is used for special signalling 

40 procedures, e.g. the PAGE procedure. 




- The Inquiry Access Code appears in two variants: the General Inquiry Access Code 
(GIAC) and the Dedicated Inquiry Access Code (DIAC). Both are used in the INQUIRY 
procedure, that will be explained in more detail below. 

The format of the payload depends on the type of packet. The payload of an ACL 
5 packet consists of a header, a data field and, with the exception of AUXl type packets, a 
cyclic redundancy check (CRC). The payload of a Synchronous Connection Oriented 
(SCO) packet consists of a single data field. In addition, there are hybrid packets 
including two data ^fields, one for synchronous data and one for asynchronous data. 
Packets in which the payload does not include a CRC are neither acknowledged nor 
10 retransmitted. 

The protocol layers of a network formed by units adapted to communicate according 
to the Bluetooth specification are illustrated in Fig, 3. The Baseband, LMP and L2CAP 
represent existing Bluetooth specific protocols. The "High level protocol or application" 

Q layer represents protocols that may or may not be Bluetooth specific while the Network 

~!i5 layer is not defined in the Bluetooth specification. 

nj A limitation of the Bluetooth specification is that therein no method is explicitly 

^ provided to address and route packets from one piconet to another. Thus, inter-piconet 
p communication performed hi a scattemet is not specified, although there are proposals for 
01 how to achieve this. 

An important capability in any ad hoc networking method is the neighbour 
discovery feature. Such a feature is also defined in the Bluetooth specification. Without a 
ru neighbour discovery capability, a unit adapted to commxmicate accordiQg to the Bluetooth 
specification would not be capable of finding any other units adapted to communicate 
according to the Bluetooth specification with which it could commimicate and 
25 consequently no ad hoc network could be formed. The neighbour discovery procedure 
according to the Bluetooth specification consists of the INQUIRY message and the 
INQUIRY RESPONSE message. An "inquhy" procedure is defined which is used in 
applications where the device address of the destination is unknown to the source. For 
example, public facilities like printers or facsimile machines can be considered. 
30 Alternatively, the inquiry procedure can be used to discover other units adapted to 
communicate according to the Bluetooth specification which are located within the range 
of the transceiver of a considered unit adapted to conmiunicate according to the Bluetooth 
specification. 

A unit adapted to communicate according to the Bluetooth specification and wanting 
35 to discover neighbouring units also adapted to communicate according to the Bluetooth 
specification, neighbouring meaning within radio coverage of the first luiit, will 
repeatedly transmit according to well specified timing and firequency sequences, 
INQUIRY messages and listen for INQUIRY RESPONSE messages, which are optional. 
An INQUIRY message consists of only an Inquiry Access Code (lAC). It does not 
40 contain any information about the source but may indicate the class of devices which 
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should respond. The Inquiry Access Code can be a General Inquiry Access Code 
(GIAC), which is sent to discover any unit adapted to communicate according to the 
Bluetooth specification in the neighbourhood, or a Dedicated Inquiry Access Code 
(DIAC), which is sent to discover only a certain type of units adapted to communicate 
5 according to the Bluetooth specification, for which a particular DIAC is dedicated. 

A unit adapted to conomunicate according to the Bluetooth specification receiving an 
INQUIRY message, including a GIAC or an appropriate DIAC, may respond by sending 
an INQUIRY RESPONSE message. The INQUIR Y RESPQ NSE me^sage^is^act^ an 
Frequency Hop Synchronisation (FHS) packet, see Fig. 4. The FHS packet is a special 
10 control packet revealing, among other things, the transmitting unit and the clock of the 
transmitting unit. The pay load field in such a packet includes eleven fields. All fields in 
the packet, except the ASTjADDR field, and'o'f course the "Undefined" field, indicate 
properties or parameters of the unit that sends the FHS packet. The Lower Address Part 
(LAP), Upper Address Part (UAP) and Non-significant Address Part (NAP) fields 
,15 together form the BD_ADDR. The "class of device" field indicates the class of device of 

s 

j the unit. The CLK field contains the current value of the internal clock of the unit. The 
SR, SP and "Page scan mode" fields all contain control parameters concerning the PAGE 
procedure. The contents of the AM__ADDR field can be used to assign an AM_ADDR to 
a unit which will become a slave in a piconet, and otherwise these three bits should all be 
20 set to zero. The "Undefined" field is reserved for future use and includes two bits, which 
should be set to zero. By listening for INQUIRY RESPONSE messages the unit that 
initiated the INQUIRY procedure can collect the BD_ADDR and internal clock values of 
the neighbouring units also adapted to communicate according to the Bluetooth 
specification - 

25 An FHS packet is also used for other purposes according to the Bluetooth 
specification, in addition to the use as the INQUIRY RESPONSE message, e.g. for 
synchronising the frequency hop channel sequence, a paged master response and in the 
master-slave switch. 

Related to the INQUIRY procedure is the PAGE procedure, which is used to 
30 establish an actual connection between two units adapted to commimicate according to the 
Bluetooth specification. Once the BD_ADDR of a neighbouring unit is known to a imit, 
the paging unit, as a result of an INQUIRY procedure, the neighbouring unit can be 
paged by sending a PAGE message. Also the knowledge of the internal clock value of the 
unit to be paged wiU potentially speed up the PAGE procedure, since it makes it possible 
35 for the paging unit to estimate when and on which fi-equency hop channel the 
neighbouring unit will listen for PAGE messages. 

A PA^-^message consists of the Pevice Access Code (DAC), derived from the 
BD_ADDR of the paged unit. A unit adapted to communicate according to the Bluetooth 
specification and receiving a PAGE message including its own DAC responds by sending 
40 an identical packet, i.e. including only tilie DAC of the paged unit. The paging unit then 






replies by sending an FHS packet, including the BD_ADDR of the paging unit, the 
current value of the internal clock of the paging unit, the AM_ADDR assigned to the 
paged unit and some other paranaeters, see Fig. 4. The paged unit then responds once 
again by transmitting its DAC and thereby the connection between the two units is 
5 established. 

If the paging unit already was the master of a piconet, the paged unit has now 
joined this piconet as a new slave unit. Otherwise, the two units have just formed a new 
piconet having the paging unit as the master unit. Since the ENQUIRY message does not 
include any information on the sender thereof, in particular not its BD_ADDR, the unit 
10 that initiated the INQUIRY procedure is the only unit that can mitiate a subsequent 
PAGE procedure. Thus, the unit initiating an INQUIRY procedure will also be the 
master of any new piconet that is formed as a result of a subsequent PAGE procedure. If 
considered necessary, however, the rotes of master and slave can be switched using the 
p master-slave-switch mechanism defined in the Bluetooth specification. This is a complex 
^3 15 and extensive procedure resulting in a redefinition of the entire piconet, involving all 

other slave units in the piconet. 
^ The INQUIRY and PAGE procedures are well specified in the Bluetooth 

specification. They are the only tools that are needed to form a new piconet or to join an 
m existing one. Although the tools as such are well specified, there are no rules or 
20 guidelines as to how to use them. When neighbours are discovered there is no way of 
J knowing to which thereof a connection should be made to in order to form an appropriate 
PJ piconet. Even if the master-slave-switch mechanism exists, using it is an extensive 
procedure and it is difficult to know when to use it in order to improve the efficiency of 
a piconet. Hence, piconets will be more or less established at random, often resulting in 
25 far from optimal piconet and scattemet stmctures. 

An exception exists in the case where the unit wanting to establish a coimection 
already knows the BD__ADDR of the unit to which it wants to connect. The use of the 
Dedicated Inquiry Access Code in the INQUIRY messages and the class of device field in 
the FHS packet, indicating the class of device of the unit that sends the FHS packet, can 
30 also be used to impose a certain control of the establishment of piconets. Nevertheless, 
units adapted to commmiicate according to the Bluetooth specification and forming a 
piconet or a scattemet generally result in less than optimal networks being formed. 

The information exchanged during the INQUIRY and PAGE procedures is not 
sufficient to determine how to establish connections in order to form an efficient piconet. 
35 Furthermore, the fact that the unit that initiates an INQUIRY procedure will have to be 
the master of any new piconet that is formed as a result of a subsequent PAGE procedure 
makes the forming of piconets and scattemets inflexible. The complex and extensive 
master-slave-switch mechanism is too inefficient to compensate for this inflexibility. 

Consider, for instance, a scenario in which a number of people have gathered in a 
40 conference room for a meeting. They turn on their laptops, which have circuits to 
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communicate according to the Bluetooth specification and at random start to send 
INQUIRY messages and listen for INQUIRY messages from other units. Some other 
people may also later join the meeting resulting in more INQUIRY procedures. The 
result of these random INQUIRY procedures, followed by PAGE procedures and the 
5 forming of piconets, may ^?vell be something like the interconnected networks shown in 
Fig. 5, whereas an optimal piconet structure could be similar to the network shown in 
Fig. 6. 

When a new unit moves into the neighbourhood of an existing piconet, e.g. as could 
be the case in this meeting scenario, it may want to communicate with the units 
10 connected to that piconet. The unit would then obviously like to join the piconet as a new 
slave unit. However, the means by which to achieve this as provided by the Bluetooth 
specification are few and inefficient. The unit would have to wait and hope to be 
discovered by the master unit of the piconet, by receiving an INQUIRY message from 
Q the master unit, and to be subsequently paged and connected. However, when receiving 
^^15 an INQUIRY message, it does not provide any information about the sender of the 
^ message. Therefore, an INQUIRY message received by the unit may also be transmitted 
ifl by a slave unit, which is actually more likely, since there are usually more slave units 
:^ than master units. 

Waiting and hoping constitute no efficient method, but the Bluetooth specification 
20 allows an alternative way. The unit can itself send INQUIRY messages and hope to 
receive a response from the master unit of a piconet. However, the INQUIRY 
m RESPONSE message, an FHS message, does not include any information on the fact 
Uj whether the sender is a master or a slave of a piconet. Therefore, the unit has to take a 
2 chance and page and connect to a responding unit, hoping that the responding unit turns 
25 out to be the master of the piconet. If the unit is lucky, and actually manages to connect 
to the master unit of an existing piconet, a new piconet is formed having the inquiring 
and paging unit as the master unit and the paged master unit of the already existing 
piconet as a slave unit. 

To join the old piconet the newly arrived unit has to request a master-slave switch. 
30 This master-slave switch will make the master unit of the old piconet, which is also a 
slave unit of the new piconet, a master also in the new piconet. Then, the two piconets 
will merge into one piconet making the new unit a slave unit in the merged piconet. 
Hence, joining an existing piconet as a slave unit requires first of all luck, and possibly 
also a master-slave switch. 
35 SUMMARY OF THE INVENTION 

The procedures for establishing piconets and scattemets and coimecting new vmits to 
already existing piconets according to the Bluetooth specification would be facilitated and 
better piconet and scattemet topologies would be possible to achieve, if more information 
about the involved units could be exchanged before the piconets and scattemets are 
40 actually established and if the connection procedure could be made more flexible. 
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For this purpose procedures can be used for exchanging small, but valuable, pieces 
of information during the INQUIRY and PAGE procedures and a procedure can be used 
to increase the control of the forming of piconets and scattemets, based on the exchanged 
information. 

The present invention relates to a method of forming ad hoc wireless networks, and 
more particularly, to fomung wireless networks according to the Bluetooth specification 
and how a unit adapted to commimicate according to the Bluetooth specification may best 
discover masters in existing piconets and be connected as a slave to those masters without 
having to use the master-slave switch. 

An object of the present invention is to provide a method of more easily finding out 
the roles, master or slave, of imits located in the neighbourhood of a considered unit, i.e. 
whether the neighbouring units are masters or slaves in already existing piconets. 

Another object of the present invention is to allow the unit to connect to a master as 
a slave without using the complicated master-slave switching. 

Generally, the method can be divided into two basic parts. 

First, in the INQUIRY procedure, a few additional pieces of information are 
exchanged between two units adapted to communicate according to the Bluetooth 
specification. The additional information informs on the status of the responding unit in 
an existing piconet or existing piconets, what facilitates the decision of the unit, which 
sends the INQUIRY message, on which unit to attempt to be connected to. A similar 
improvement of the INQUIRY procedure can be achieved in an alternative way, by using 
a modified INQUIRY message. These two alternatives, which together constitute the first 
basic part of the method, are described in further detail below. 

In the second basic part of the method, a procedure is provided by which the initial 
inquiring and paging unit can become a slave unit in a new formed piconet or in an 
already existing piconet. This new mechanism is used during the PAGE procedure and 
hence the use of the complex and extensive master-slave-switch mechanism is avoided, 
although there may be other situations in which the master-slave-switch mechanism is still 
needed. This second basic part of the method is also described in further detail below. 

Some merits of the proposed method include providing means to impose an 
intelligent control of the forming of piconets in general. Efficient procedures are provided 
allowing a unit to join an existing piconet. In addition, the method allows exchange of 
piconet related information during the INQUIRY procedure and enhances the INQUIRY 
procedure so that the master units of existing piconets can be discovered. The second 
basic part of the method provides a procedure by which the initially inquiring and paging 
unit can become a slave unit in a now formed or previously existing piconet without 
going through the master-slave switch procedure. Furthermore, the method as proposed 
can be used to facilitate reforming scattemet stmctures. 

The preferred procedures of the proposed method do not imply modifications of any 
of the existing message formats according to the Bluetooth specification although some of 



the alternative procedures require modifications of existing message formats. 

Although the preferred embodiments of the proposed are directed to a system of 
units adapted to communicate according to the Bluetooth specification, the disclosed 
method is also appUcable to general ad hoc networks which have features similar to those 
formed according to the Bluetooth specification. The proposed method provides means to 
impose an intelligent control of the forming of ad hoc networks in general and allows 
exchange of ad hoc network related information during a neighbour discovery procedure. 
A procedure is provided for the unit initiating the establishment of an ad hoc network to 
transfer the specific role of the initiator to another unit during the establishment phase. 

Additional objects and advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from the description, or may be 
leamed by practice of the invention. The objects and advantages of the invention may be 
realized and obtained by means of the methods, processes, instrumentalities and 
combinations particularly pointed out in the appended claims. 

BRffiF DESCRIPTION OF THE DRAWINGS 

While the novel features of the invention are set forth with particularly in the 
appended claims, a complete understanding of the invention, both as to organization and 
content, and of the above and other features thereof may be gained from and the 
invention will be better appreciated from a consideration of the following detailed 
description of non-limiting embodiments presented hereinbelow with reference to the 
accompanying drawings, in which: 

- Fig. la - Ic are diagrams of various master-slave relationships in a system of units 
adapted to communicate according to the Bluetooth specification, 

- Fig. 2 is a picture illustrating the standard format of a packet according to the Bluetooth 
specification, 

- Fig. 3 is a diagram illustrating the protocol layers according to the Bluetooth 
specification, 

- Fig. 4 is a picture illustrating the format of an FHS packet, 

- Fig. 5 is a diagram of a suboptimal piconet and scattemet structure, 

- Fig. 6 is a diagram of an optimal piconet structure, and 

- Fig. 7 is a flow diagram illustrating the steps executed in procedures executed when a 
unit tries to contact other units and then connects to another imit. 

DETAILED DESCRIPTION 

An ad hoc network contains a master or master unit and at least one slave or slave 
unit. Another imit capable of connecting to the ad hoc network can approach or become 
located in the neighbourhood of the network and then a procedure can be used for the 
other unit to discover the status of the units already connected in the ad hoc network. 
This procedure can be called a neighbour discovery procedure and in the procedure an 
exchange of information related to the network is made. 

In the following description the units described are generally assumed to be units 
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adapted to communicate according to the Bluetooth specification and also terminology 
according to the Bluetooth specification will be used, as has already been the case m the 
major part of the discussion given above. However, it will also be briefly described how 
the procedures described can be applied to other general methods of establishing ad hoc 
5 networks. 

The neighbour discovery procedure allows a unit approaching an existing ad hoc 
network or piconet to discover whether a neighbouring unit is connected to the existing 
piconet and, in such a case, whether it is connected as a master or as a slave. In 
particular, the procedure allows the unit to discover a master in an existing piconet. 
10 Several alternative procedures will be described which can improve the procedures 
according to the Bluetooth specification. 

The FHS packet according to the Bluetooth specification, see the format thereof as 
illustrated in Fig. 4, which is used as a response message, the INQUIRY RESPONSE 
^ message, from a unit responding to an inquiry message, and in other procedures as well, 
^^15 includes some information about the unit sending the FHS packet, but no information on 
^1 the piconet to which the unit may be connected to and on the status of the unit if 
[£ connected in such a piconet. Including such information would give the inquiring unit 
jO some essential background knowledge to be used when the inquiring unit decides on 
which other units that it will attempt to be connected to. 
20 A basic piece of information is whether the responding unit is a master of an 
^5 existing piconet or not. A meeting scenario, as described in the general discussion above, 
fu illustrates the importance of this piece of information. This can be coded using one of the 
in two undefined bits in the FHS packet, as shown in Fig. 4. Preferably, setting the selected 
bit to one would mean that the sending unit is the master of a piconet, while setting the 
25 bit to zero would mean that the sending unit is not the master of a piconet. 

The information in the FHS packet which is related to an already formed piconet 
can be extended by using also the second of the two undefined bits. This can be used to 
indicate whether the sending unit is a slave iinit in at least one piconet. Preferably, setting 
the bit to one would mean that the sending unit is a slave unit in one or more piconets, 
30 while setting the bit to zero would mean that the sending unit is not a slave unit of any 
piconet at all. 

The four possible combinations of the two bits are: 
00 The sending unit is not connected to a piconet or the sending unit does not support 
this use of the "Undefined" field. 
35 01 The sending unit is the master unit of a piconet. 

10 The sending unit is a slave unit in one or more piconets. 

11 The sending unit is the master unit of one piconet and a slave unit in one or more 
other piconets. 

Observe that in the picture of Fig. 4, the right bit indicates the "master status" and 
40 the left bit indicates the "slave status" of the sending unit. 
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Backwards compatibility with the Bluetooth specification is achieved by this 
solution, since the specification of the FHS packet states that the two undefined bits 
should be set to zero. This would indicate that the sending unit is not connected to any 
piconet. 

5 An alternative way to include this information in the FHS packet is to use the class 
of device field, as seen in Fig. 4, The Bluetooth specification allows alternative coding of 
a part of the class of device field. A new coding could be used to include the above 
information, and possibly also other useful piconet and scattemet related information. 

Yet another alternative way to include this information in the FHS packet is to use 
10 the AM_ADDR field. According to the Bluetooth specification of the FHS packet the 
three bits of the AM_ADDR field should be set to zero in the case where the FHS packet 
is used as an INQUIRY RESPONSE message, since assigning an AM_ADDR is not 
applicable in that case. 

P Hence, these three bits are available to carry other information, e.g. piconet related 

Si 5 information. By using the AM ADDR field eight different states could be coded instead 
of the four states coded with the two undefined bits. It would also be possible to use both 
ifl the undefined bits and the AM_ADDR field to code piconet related or other information, 

!H resulting in five bits corresponding to 32 possible states. In the following discussion it 

f y 

gi will be assumed that only the three bits of the AM_ADDR field is used for this purpose, 
^20 while the two undefined bits are still undefined, unless explicitly stated otherwise. Two of 
% the three bits in the AM ADDR field could be used to code exactly the same information 
fy as suggested for the two undefined bits above. The third bit could be used to indicate 
whether the sending unit, when subsequently being paged, will want to connect to the 
U P^S^S a slave unit or as a master unit using the modified PAGE procedure 

25 according to the procedure as described below. 

A reason for not wanting to become a master unit when subsequently being paged 
may e.g. be that the considered approaching unit is already the master unit of a piconet 
having seven active slave units, giving no room for yet another active slave unit. 
Preferably, setting the third bit to one would indicate that the sending unit prefers to have 
30 the role of the master unit after a subsequent modified PAGE procedure, whereas setting 
the third bit to zero would indicate a preference for the slave role. This coding provides 
backwards compatibihty with the Bluetooth specification, since according to the 
specification of the FHS packet the three bits of the AM_ADDR field should be set to 
zero when the FHS packet is used as an INQUIRY RESPONSE message. The folio wmg 
35 are the resulting possible combinations of the three bits of the AM_ADDR field: 

000 The sending unit is not connected to a piconet and prefers to be a slave unit after a 
subsequent PAGE procedure or the sending unit does not support this use of the 
AM ADDR field. 

001 The sending unit is the master unit of a piconet and prefers to be a slave unit after a 
40 subsequent PAGE procedure. 
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010 The sending unit is a slave unit in one or more piconets and prefers to be a slave 
unit after a subsequent PAGE procedure. 

011 The sending unit is the master unit of one piconet and a slave unit in one or more 
other piconets and prefers to be a slave unit after a subsequent PAGE procedure. 

100 The sending unit is not connected to a piconet and prefers to be a master unit after a 
subsequent modified PAGE procedxu-e. 

101 The sending unit is the master unit of a piconet and prefers to be a master unit after 
a subsequent modified PAGE procedure. 

110 The sending unit is a slave unit in one or more piconets and prefers to be a master 
unit after a subsequent modified PAGE procedure. 

111 The sending imit is the master unit of one piconet and a slave unit in one or more 
other piconets and prefers to be a master unit after a subsequent modified PAGE 
procedure. 

In the format illustrated in Fig. 4 the right-most bit indicates the "master status", 
the middle bit indicates the "slave status", and the left-most bit indicates the "role 
preference" of the sending unit. 

If the AM_ADDR field is used for coding piconet related information in 
combination with the above described use of the two undefined bits, the AM_ADDR field 
could e.g. be used to indicate the number of active slave units in the piconet in which the 
sending unit is the master unit, [ provided that the two undefined bits indicates that unit is 
the master unit of a piconet, i.e. for the codes "01" or "11" as defined above. The 
number of slave units in the piconet can be encoded in the AM_ADDR field as an 
ordinary binary number. Since this field has three bits it can encode the number of slave 
units in the piconet, since there can be a maximum of seven slaves. Setting the three bits 
to zero would mean that no information on the number of active slave units is available. 
Also, when the undefined bits indicate that the sending unit is not the master imit of a 
piconet, i.e. for the codes "00" or "10" as defined above, the three bits of the 
AM_ADDR field should be set to zero. This use of an all-zero AM_ADDR field 
provides backwards compatibility with the Bluetooth specification, since the specification 
of the FHS packet states that these three bits should be set to zero when the FHS packet 
is used as an INQUIRY RESPONSE message. The resulting combinations of the two 
undefined bits and the three bits of the AM_ADDR field when used in the way described 
in this paragraph are listed in Table 1 . 

Table 1 . Use of the two undefined bits and the three bits of the AM_ADDR field 
for defining the status of a responding unit. 

The two undefined Meaning of the two The AM_ADDR field Meaning of the 
bits undefined bits field three bits of the 

AM ADDR field 
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00 



01 



The sending unit 
is not connected 
to a piconet 



The sending unit 
is the master of 
a piconet 



10 



10 



.™ 15 
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m 

' . - 
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The sending unit 
is a slave unit 
in one or more 
piconets 

The sending unit 
is the master of 
one piconet and 
a slave in one 
or more piconets 



000 

001-111 
000 

001-111 
000 

001-111 
000 

001-111 



This combination 
should be used 
These combina- 
tions should 
not be used 
No information 
available on 
slave units 
The number of 
active slave units 
in the piconet 
This combination 
should be used 
These combina- 
tions should not 
be used 

No information 
available on 
slave units 
The number of 
active slave xmits 
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30 
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If an INQUIRY RESPONSE message is received indicating that the sending unit is 
a slave unit in one or more piconets, the undefined bits are coded "10". It would then be 
useful if the BD_ADDR of the master unit of the responding piconet of the unit could be 
retrieved. Similarly retrieved addresses BD_ADDRs of multiple master units would be 
useful if the responding imit is connected to more than one piconet. A retrieved 
BD_ADDR of a master unit could be used to page the master unit, preferably using the 
modified PAGE procedure according to the description below, according to which the 
paging unit is allowed to join an existing piconet without performing a master-slave 
switch. Since there are not enough available bits to code an address BD_ADDR in the 
FHS packet, another method must to be used to retrieve the address. 

It should be pointed out that coding the information by the two undefined bits in the 
FHS message, in the class of device field, or by the three bits of the AM_ADDR field in 
the FHS packet is not the only possible method. Useful information which may be 
encoded, in an FHS packet or in a modified PAGE RESPONSE message as described 
below, includes information about: 

(1) whether the sending unit is connected to a piconet or not, 

(2) whether the sending unit is a master or a slave or slaves or both, 

(3) whether the sending unit prefers to be a master or a slave unit after a subsequent 
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PAGE procedure, 

(4) the number of slaves in a piconet, 

(5) the BD_ADDR(s) of the niaster(s) of the existing piGonet(s) in which the sendiQg unit 
is a slave member, 

(6) the clock values, as estimated by the sending unit, of the master unit(s) of the existing 
piconet(s) in which the sendrag unit is a slave member, 

(7) inter-piconet scheduling parameters, 

(8) battery status, 

(9) traffic parameters, and/or 

(10) priority parameters. 

The inquiring imit or units can use this information when making the decision as to 
the imits to which it should try to establish connections. 

If the numbers of available bits in the FHS packet is hot enough to encode the 
information to be transferred, another method has to be used. One possibility is to use a 
modified PAGE procedure, in which the paging unit indicates in the PAGE message that 
the intention of the paging procedure is not to establish a connection, but to retrieve 
useful information, as outlined above. Such information could, e.g. be one or multiple 
master unit BD_ADDR(s) of the master unit(s) of the piconet(s) to which the paged unit 
is connected as a slave xmit. The paged unit would then respond by transmitting a new 
type of PAGE RESPONSE message, or by transmitting with the regular one, i.e. a 
packet consisting of only the Device Access Code of the responding unit, including the 
requested amended information, e.g. BD_ADDR(s) in this example, hi the case of master 
BD_ADDR(s) being requested, the response message could possibly include the current 
clock value of the master unit, or of each of the master units if multiple master units are 
indicated, as estimated by the responding slave imit, to facilitate the subsequent paging of 
a master unit. The indication in the modified PAGE message could be e.g. a single bit 
extension indicating that all available information is requested or a multiple bit extension 
indicating the request of relevant subsets of the available information. 

Another method for a unit to discover master units of already existing piconets in 
the vicinity of the considered unit would be to introduce a new Dedicated Inquiry Access 
Code (DIAC). Only units that are master units would respond to an INQUIRY message 
including such a "master DIAC". A unit that is not a master unit would discard the 
INQUIRY message. The information or indication signifying " intended-only -for-master- 
units" could also be an extension or modification of the Inquiry Access Codes (lACs). 
Then aU the lACs, the General Inquiry Access Code (GIAC) as well as the Dedicated 
Inquiry Access Codes (DIACs), could carry an additional indication that the INQUIRY 
message is iatended only for master units. A GIAC carrying this indication would be 
intended for all master units, whereas a DIAC carrying the indication would be intended 
for the master units of the unit type for which the DIAC is dedicated. This method of 
using modified Inquiry Access Codes in the INQUIRY message may be combined with 
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the other methods described above. 

The above described method involving a modified DIAC could be extended to 
include the use of new DIACs, as DIACs of their own or, as described above, as 
extensions or modifications to existing DIACs and the existing GIAC. Such other new 
DIACs - or DIAC/GIAC extensions/modifications - could be DIACs dedicated for units 
having a certain status. A unit having this certain status could be e.g.: 

- a unit being a slave unit in only one piconet, 

- a unit being a slave unit in at least one piconet, 

- a unit being a slave unit m more than one piconet, 

- a unit being a slave unit in one or more piconets, but no master unit ia none, 

- a unit being a slave unit in one or more piconets and a master unit in one piconet, 

- a unit being a master unit in one piconet, but not a slave unit in none, 

- a unit that is not connected to any piconet, 

- a unit having a low current traffic load, 

- a unit having a high current traffic load. 

This hst is of course not exhaustive, since other types of status could be associated 
with new DIACs - or DIAC/GIAC extensions/modifications. Only units that have the 
particular status indicated by a certain DIAC - or GIAC extension/modification - would 
respond to an INQUIRY message including this DIAC - or GIAC extension/modification. 
Alternatively, if the particular status is indicated by an extension to or modification of an 
existing DIAC, only the units of the type indicated by the DIAC, which also have the 
status indicated by the extension or modification, would respond to an INQUIRY 
message carrying this extended of modified DIAC. 

The preferred alternative is to use the four combinations of the two undefined bits 
of the FHS packet to convey information about the sending of the status of the unit in 
existing piconets, possibly combined with the method using the new "master DIAC". 

Once the considered unit has discovered the masters in neighbouring piconets as 
outlined above it may want to connect to a master as a slave without the problems 
associated with the master-slave switch mechanism. 

Using the procedure as outlined above an approaching unit can discover a master 
unit of an already existing piconet. The master unit is discovered when an INQUIRY 
RESPONSE message, indicating that the responding unit is a master unit, using a new 
indication in the FHS packet or simply by responding to an INQUIRY message dedicated 
for master imits, is received, possibly along with a number of INQUIRY RESPONSE 
messages from slave units. The BD_ADDR of a master unit can also have been retrieved 
from a slave unit in the same piconet using the modified PAGE procedure. 

When a unit has discovered a master unit of an already existing piconet, the unit 
may want to connect to this master imit as a slave. If the discovered master xmit has 
indicated that it prefers to be a slave unit after a subsequent PAGE procedure, provided 
that this type of indication, as previously outlined, is used, the considered unit may 
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choose to: 

(1) continue to try to connect to the master unit as a slave unit, 

(2) try to connect to the master unit as a master unit, thereby not joining the piconet of 
the discovered master unit, but making the discovered master unit a slave unit in a 

5 piconet in which the considered unit is the master unit, or 

(3) refrain from paging the discovered master unit. To be able to do this without 
performing a master-slave switch a new mechanism is required. For this purpose the 
following modified PAGE procedures can be used. 

Like the normal PAGE procedure according to the Bluetooth specification the 
10 modified PAGE procedure begins with transmitting a PAGE message, consisting of only 
the DAC of the paged imit, and is followed by an identical response package received 
from the paged unit. The difference compared to the method according to the Bluetooth 
specification is that in the subsequent FHS packet from the paging unit an indication is 
Q mcluded, uidicating that the paging unit actually wants to be paged by the currently paged 
ifli5 unit. One of the two undefined bits in the FHS packet could be used for this indication, 
m A special use of these bits in the neighbour discovery procedure has been described 
S above and thus they can here be used for another purpose. 

Jti Preferably, to provide backwards compatibility with the Bluetooth specification 

gi which states that the two undefined bits should be set to zero, the bit should be set to one 
^L,2o when indicating that a reversed paging direction is requested. The three bits of the 

AM ADDR in an FHS packet indicating a request of reversed paging direction should be 
nj set to zero. Actually, an alternative way to include the indication would be to simply let 
JH the all-zero AM_ADDR indicate a request of reversed paging direction when the FHS 
P packet is used in the PAGE procedure. The two undefined bits would then still be 
25 undefined or could be used to code the same piconet related information as described 

above in the neighbour discovery procedure. 

When a request for a reversed paging direction is received by a unit being paged, 

there are two alternative ways to handle the reversal of the paging direction: 

(1) the current PAGE procedure is terminated, immediately followed by a new one 
30 initiated by the previously paged unit, or 

(2) the paging direction is inraiediately reversed, without any termination of procedure, 
by making the unit receiving the request for reversed paging direction send an FHS 
packet, with all parameters set as if the sender is the paging unit, to the unit sending the 
request. In the former case the new PAGE procedure, in the reversed direction, proceeds 

35 just as a regular PAGE procedure. In the latter case the unit receiving the second FHS 
packet, i.e. the unit requesting the reversal of the paging direction, responds by sending a 
packet including only the DAC of the unit, i.e. just as the final message of the regular 
PAGE procedure, thereby concluding the reversed PAGE procedure. 

If the initially paged unit in the above two cases does not accept a reversal of the 

40 paging direction, e.g. because it already is a master unit and can not accept any more 



17 



slave units in its piconet, this is indicated to the paging unit by responding to the FHS 
packet by transmitting a second FHS packet including the same indication of request for 
reversal of the paging direction, i.e. with the relevant, previously undefined, bit set or 
with the AM_ADDR field set to all zeros or both. The unit receiving this indication that 
the reversal of the paging direction is not accepted, i.e. the unit that initiated the PAGE 
procedure, can then choose to either proceed with the PAGE procedure without reversing 
the direction or to abandon the PAGE procedure. If it chooses to proceed, this can be 
done in two alternative ways: 

(1) by restarting the PAGE procedure by sending a new initial PAGE message, or 

(2) by sending a third FHS message, in the initial direction, this time without the 
indication of request for reversal of the paging direction. 

An alternative procedure for reversal of the paging direction could be to make the 
initial PAGE message carry the indication of the request for reversal of paging direction. 
Since the reversal of the paging direction requires that the BD_ADDR or the DAC of the 
unit initiating the PAGE procedure be transferred to the initially paged unit, it is 
preferable that the indication consists of the BD_ADDR or the DAC of the sending unit. 
In this alternative the actual reversal of the paging direction could be performed either by 
terminating the PAGE procedure after the first modified PAGE message, immediately 
followed by a new PAGE procedure initiated by the previously paged unit, or the paging 
direction could be immediately reversed, without termination, by letting the unit receiving 
the request for reversed paging direction send an FHS packet, having all parameters set 
as if the sender is the paging unit, to the unit sending the request. In both cases, the 
respective procedure proceeds as a regular PAGE procedure. 

The procedures described in this section may be used even if the paged unit is not a 
master unit. There may be reasons for the paging unit to become a slave of the new 
piconet that will be formed. 

The preferred procedure is to indicate the request for reversal of the paging 
direction using one of the undefined bits in the FHS packet and immediately thereafter to 
reverse the paging direction by making the receiver of the first FHS packet return another 
FHS packet and to then proceed as in a normal PAGE procedure. 

The procedures described above are not limited to units adapted to communicate 
according to the Bluetooth specification and can be used for units adapted to communicate 
with each other using a method having some properties similar to that defined by the 
Bluetooth specification. 

Generally, such units are adapted to form distinct, albeit dynamic, ad hoc networks 
and they use a neighbour discovery procedure in establishing such networks. Information 
of the status of the units connected in an already existing ad hoc network is transferred in 
the neighbour discovery procedure, as described above. Also other useftil unit or network 
related information can be transferred, e.g. the number of units in the existing ad hoc 
network, addresses of other units in the ad hoc network, clock values of the imit itself 
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and/or of other units in the ad hoc network, scheduling parameters, battery status, traffic 
parameters, priority parameters, etc. Such received information can then be used in the 
unit which tries to connect to ad hod networks when deciding which ad hoc network(s) to 
join, how to join it/them and whether to establish and with which other units to establish 
5 a new or several new ad hoc networks. The received information could also be used to 
faciUtate reforming of existing ad hoc network stmctures. 

When establishing an ad hoc network, if the initiator of the establishment 
automatically gets a certain specific role in the ad hoc network, e.g. a master or slave 
role, a procedure can be provided, as described above, to make the initiating unit request 
10 from another unit that it takes over the role of initiator. This procedure is signalled either 
by a new parameter in an existing message used in the establishment phase or by a new 
message. 

In Fig. 7 a flow diagram is shown illustrating the steps executed when a first unit 
pr, tries to establish contact with other units in a neighbour discovery procedure and connects , 
i:Oi5 to another unit in a network forming procedure as described above, the steps being 
2i executed primarily for units adapted to communicate according to the Bluetooth 
!S specification. In the left colunm the steps executed by the first unit are illustrated and in 
the right column the steps executed by other units are illustrated. The procedure starts in 
;^ a block 800 where the first unit sends an INQUIRY message or several such messages. 

J. " : 

r 20 Any other unit in the vicinity of the first unit can receive such a message. In the example 
O shown an INQUIRY message is received by a second unit in a block 802, by a third unit 
^r; in a block 804 and by a fourth unit in a block 806. Each unit that has received an 
m INQUIRY message rephes by sendnig an INQUIRY RESPONSE message. In the block 
Q 808 the second unit sends an INQUIRY RESPONSE message back to the first unit 
25 indicating that it is a slave unit in an already formed piconet and then in a block 810 this 
first INQUIRY RESPONSE message is received by the first unit which detects the state 
of the sender of the message. In a block 812 the third unit sends an INQUIRY 
RESPONSE message back to the first unit and in the message is indicated that the sender 
of the message is a master of an already formed piconet and then in a block 814 this 
30 second INQUIRY RESPONSE message is received by the first unit which decodes the 
state information of the sending unit. In a block 816 the fourth unit sends an INQUIRY 
RESPONSE message back to the first unit, the message having additional information 
telling that the unit sending the message is a slave in an already formed piconet and then 
in a block 818 the third INQUIRY RESPONSE message is received by the first unit 
35 which decodes the additional information. 

Out of the second, third and fourth responding units only the third unit indicated 
that it was a master unit in some piconet. Then in a block 820 the first unit chooses to 
connect to the third unit as a slave unit in the piconet in which the third unit is the 
master. 

40 In order for the first unit to be able to connect to the third unit as a slave without 
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using the master-slave switch the procedure continues as follows: In a block 822 the first 
unit sends a PAGE message to the third unit. Thereafter in a block 824 the third unit 
receives the PAGE message from the first unit. In a block 826 the third unit responds to 
the PAGE message by sending its Device Access Code (DAC). Then in the next block 
828 the first unit receives the response from the third unit. In a block 830 the first unit 
sends an FHS packet to the third unit requesting a reversal of the paging dhection. Then 
in the next block 832 the third unit receives the FHS packet from the first unit. In a 
block 834 the third unit reverses the paging direction by sending an FHS packet to the 
first unit. Then in the next block 836 the first unit receives the FHS packet from the third 
unit. In a block 838 the first unit responds to the FHS packet by sending its DAC. The 
third unit receives in a block 842 the response from the first unit. Then in the blocks 840 
and 844 following the blocks 838 and 842 respectively the first unit becomes connected 
to the third unit as a slave unit and the third unit becomes connected to the first unit as a 
master unit. 

While specific embodiments of the invention have been illustrated and described 
herein, it is realized that numerous additional advantages, modifications and changes will 
readily occur to those skilled in the art. Therefore, the invention in its broader aspects is 
not limited to the specific details, representative devices and illustrated examples shown 
and described herein. Accordingly, various modifications may be made without departing 
from the spirit or scope of the general inventive concept as defined by the appended 
claims and their equivalents. It is therefore to be imderstood that the appended claims are 
intended to cover all such modifications and changes as fall within a true spirit and scope 
of the invention. 



